At present, many early warning systems (EWS) are available. Most EWSs have been constructed based on data coming from various branches of economy. As a result, the effectiveness of these models in specific sectors of the national economy is frequently insufficient. There are no models dedicated to a specific branch, particularly the wood industry. Based on the Polish homogenous financial data supplied by the wood industry, it was decided to identify respective indexes, which may be used to construct a sector prediction model for bankruptcy in the wood industry. This study presents an analysis of indexes applied in 10 most popular EWSs used in Poland. In the course of the research process, a total of 5 financial ratios (FRs) were selected as best fitting to the investigated branch of economy. These included: profit from sales/balance sheet total, total income/mean annual total assets, operating costs/current liabilities, (operating profit -depreciation)/sales of products and equity capital/total debt.
IntroductIon
In recent years, the number of reported bankruptcies of enterprises has been increasing dramatically both on the national and global scale. Losses connected with bankruptcies of enterprises are estimated to amount to billions of dollars annually.
Numerical values of the so-called warning threshold, indicating a potential financial threat (bankruptcy), which may lead to the closure of enterprises, may be defined using early warning systems (EWS). An EWS is a system used to predict the success level, probable anomalies and to reduce the risk of crisis for transactions, systems, phenomena, companies and people. Furthermore, their current situations and probable risks may be identified quantitatively (Ozgulbas and Koyuncugil 2010) . A financial EWS is a monitoring and reporting system that gives a signal on the probability of problems, risks and opportunities before they affect financial statements of companies. EWSs are used to detect financial performance, financial risk and potential bankruptcies. EWSs facilitate management decisions indicating opportunities to avoid or mitigate potential problems. Although (Li and Wang, 2014) claimed that in the predic-tion of bankruptcy, non-financial elements are crucial, still practically all financial EWSs are based on financial statements. Balance sheets and income tables are the data sources that reflect the financial truth for early warning systems. In essence, the early warning system is a financial analysis technique, which identifies the achievement analysis of an enterprise in view of its industry with the help of financial ratios (Koyuncugil and Ozgulbas 2012) . Most papers published to date on the construction of EWS models are based on an adequate selection of financial ratios (e.g., Adamowicz and Noga 2017; Abumustafa 2006; Altman et al. 1968; Altman et al. 1977; Barniv and Hathorn 1997; Barniv and McDonald 1992; Beaver 1966; Berg et al. 2004; Bredart 2014; Brockett and Cooper 1990; Brockett et al. 2006; Chen 2014; Davis and Karim 2008; Deakin 1972; Edison 2003; El-Shazly 2003; Katz 2006; Koyuncugil and Ozgulbas 2007 , 2008 , 2009a , 2009b Kyong et al. 2006; Laitinen and Chong 1999; Lee and Urrutia 1996; Lestano et al. 2004; Lin et al. 2010 Lin et al. , 2012 Pantalone and Platt 1987; Salas and Saurina 2002; Taffler and Tisshaw 1977; Trieschmann and Pinches 1973; Wu 2007; Yang et al. 2001; Zavgren 1985; Zmijewski 1984) . In general, financial ratios (FRs), recognized as one of the most important factors affecting bankruptcy prediction, are used to develop prediction models (Altman 1968; Beaver 1966; Liang et al. 2016) . A synthetic overview of the contribution of individual authors to the construction of various prediction models for financial changes was presented, for example, by Koyuncugil and Ozgulbas (2012) , Balcaen and Ooghe (2006) and Liang et al. (2016) .
Establishment of an effective early warning system may help the company operators make relevant decisions as soon as possible when finding a crisis, improve the operating results and the financial condition of the enterprise, while it may also make investors avoid or reduce investment losses (Xu et al. 2015) . However, to achieve this, adequate methods to predict bankruptcy of enterprises are required. While several methods forecasting financial changes are currently available, most of them pertain to a general economic situation. At present, a significant problem is connected with a lack of prognostic models for most branches of the economy, constructed on a homogeneous experimental group . It is necessary to estimate models developed on similar homogeneous populations, which may potentially enhance the discriminatory power of a function, and thus, also that of prediction. This thesis was supported by Prusak (2012) and Tymoszczuk (2013) , who stressed the importance of construction of sector models. Additionally, Dąbrowski and Boratyńska (2011) indicated the need to construct models for a limited group of entrepreneurs, so that they are no longer applied indiscriminately to any type of production. We need to stress here that at present, attempts are being made to create methodological foundations for the prediction of economic changes in terms of individual sectors. For example, Platt and Platt (2002) conducted a research on the American car industry indicating the need for the construction and verification of forecasts prepared using models based on a uniform experimental sample. The thesis on the justification for the sector character of the models and their effectiveness was confirmed by the studies by Wędzki (2005) , who stated that a model estimated on a national single sector sample provides forecasts better by several percentage points than those standardised for many sectors. It is generally accepted that general companies' characteristics concerning industry type and companies' size have also proven to be very important variables in failure prediction (Bilderbeek 1978; Daubie and Meskens 2002; Hill et al. 1996; Laitinen 1992; Mensah 1984; Taffler 1984; Ooghe et al. 2003) . At present, we have no model that would be constructed solely based on a sector experimental sample coming from the wood industry . For this reason, it was decided to construct a wood industry prediction model for bankruptcy (WIPMB). The first step in the formulation of a specific discrimination equation is to identify FRs applicable in its construction.
Selection of the time interval for the study was determined by the economic changes taking place in Poland and the availability of research material.
the AIM And scoPe of the study As it was reported by (Koyuncugil and Ozgulbas 2012) , the steps of the EWS include:
Step 1 -Preparation of data collection;
Step 2 -Implementation of the DM method;
Step 3-Determination of risk profiles;
Step 4 -Identification of the current situation of SMEs in terms of risk profiles and early warning signs; and Step 5 -Description of roadmaps for SMEs.
The primary aim of this study was to realise the first step in the construction of an EWS for the wood in-dustry. Based on homogeneous financial data provided by the wood sector, it was decided to identify respective indexes, which will be used to construct a sector EWS for Polish wood industry enterprises.
The primary research problems included a review of potentially available financial information from wood industry enterprises as well as a review and selection of FRs applied in the prediction models most commonly used in Poland taking into consideration their adaptation to the analysed sector.
The scope of analyses in this study covered seven consecutive years.
Methods
In order to identify FRs for the construction of the WIPMB for Polish wood industry enterprises, several EWSs applied in Poland were conducted. Based on literature reports, ten most efficient bankruptcy prediction methods were selected. Next, applying the selected methods of multivariate discrimination analysis, forecasts of financial situations were prepared for the analysed companies. Forecasts were based on past economic events. This made it possible to verify the obtained results with the actual financial situation of the analysed enterprises. Forecasts were based on selected discrimination models using prognostic properties of FRs. Forecasts were based on the reporting data collected from the Polish wood industry enterprises.
Enterprises, on which the source financial materials were collected, were divided and selected using the Polish Classification of Economic Activity 2007 (PKD). In the research process, we used data coming from the enterprises operating solely in the area where timber has been the basis for the production process. These enterprises were classified to the sections (Ordinance of 24.12.2007): 16 -Production of wood products; 17 -Production of paper and paper products, and 31 -Production of furniture.
Research material
The primary criterion, which was included when accumulating source data, was connected with the reliability of financial information. We took into consideration the opinion by Gruszczyński (2005) that a key element in the prediction of bankruptcy is to select the research sample. Prior to empirical analysis, the source data were collected and catalogued in order to create a comprehensive, reliable and cohesive database of financial data for individual wood companies. We identified and catalogued wood companies, for which a motion for bankruptcy and/or a motion for the initiation of debt conciliation were filed and identified the enterprises with a stable financial situation. Following the recommendation of Hołda (2001) , only those enterprises publishing complete financial reports were selected for the estimation of parametric models.
Financial reports of enterprises came from Regional Courts and credit information agencies. For all enterprises in the analytical sample, data were collected; based on this data, their financial-economic situation may be characterised. The primary criterion characterising a given enterprise as bankrupt was the submission of a bankruptcy motion to a respective regional Economic Department of the Regional Court. Wood enterprises with an advantageous economic and financial situation were selected based on general financial information contained in balance sheets as well as profit and loss accounts, in which the focus was on total debt, profitability and liquidity indexes.
Collected source materials were complete and selected in terms of the organisational structure, taking into account the volume of financial assets of analysed enterprises. The sample of non-bankrupt enterprises comprised only those companies that did not go bankrupt during the period of analysis.
Enterprises for which the financial data were used in this study came from various regions of Poland and represented diverse legal forms of economic activity. They included stock corporations, limited liability companies and cooperatives publishing financial statements.
Collected data were analysed in order to verify whether the data had a normal distribution. As a result, the investigated sample comprised a total of 83 companies, which declared their bankruptcy in the years 2006-2012, as well as 52 enterprises, which in the same period continued their economic activity.
Selection of financial ratios (FRs)
In order to select respective explanatory variables for the construction of WIPMB, all FRs applied in the analysed models were verified. The training set used aver-aged (3-year) FRs out of the proposed 10 EWSs. Out of the 135 enterprises, a balanced training set was prepared (N = 72), a balanced verification set 1 (N = 30) and a non-balanced verification test 2 (N = 33 "problem" enterprises).
Financial ratios for the construction of WIPMB were selected based on trait clustering using aggregation of centres of gravity and Pearson's measures of distance 1-r, and a hierarchical graph was prepared. Based on this graph, groups of variables were identified. In the next steps, the coefficients of determination R 2 were established between the preselected explanatory variables (FRs) and the explained variables. The last element of an appropriate selection of FRs applicable in the development of WIPMB was to verify the preselected explanatory variables in terms of their similarities. In order to eliminate doubled explanatory variables, we applied the progressing stepwise regression. We selected those FRs that exhibited a level of significance below 0.10. Statistical analysis of the results was conducted using the STATISTICA 10 PL package and EXCEL 2013.
results

FRs applied in Polish EWSs
The most popular EWSs to assess the financial situation of Polish enterprises include models developed by Altman, Gajdek and Stos, Hadasik, Hołda, Jagiełło, Mączyńska, the Poznań model, as well as the Prusak 1, Prusak 2 and Wierzba models.
Professor Altman developed many prediction models for bankruptcy. His best known EWS was created in 1968 (Altman, 1968) . It was designed for the listed companies (Divišová, 2013) . This model was repeatedly modified. At present, in the most commonly used modified Altman's model (ALTMAN), the prediction of bankruptcy for industrial enterprises is most frequently based on five indexes (Divišová 2013 ): X_1 -working capital/total assets, X_2 -retained profit/total assets, X_3 -EBIT/total assets, X_4 -Equity capital/total debt and X_5 -Income from sales/total assets.
Another interesting example of Polish attempts to search for an effective early warning model for bankruptcy is provided by the discrimination analysis by J. Gajdek and D. Stos, developed based on FRs of 40 enterprises (Godlewska 2010) . Prediction of enterprise bankruptcy using their model (GAJDKA I STOS) is based on five financial ratios: X_1 -income from sales/ total assets, X_2 -(current liabilities x 360)/manufacturing costs of sold production, X_3 -net profit/averaged annual value total assets, X_4 -gross profit/net income from sales and X_5 -total liabilities/total assets.
In the model by Hadasik (HADASIK), the prediction is based on six financial ratios (Hadasik 1998 ): X_1 -current assets/current liabilities, X_2 -(current assets -stock)/current liabilities, X_3 -total liabilities/total assets, X_4 -(current assets -current liabilities)/total liabilities, X_5 -amounts receivable/income from sales and X_6 -stock/income from sales.
The early warning system by A. Hołda (HOŁDA) was developed based on an analysis of the financial reports of eighty enterprises operating in Poland in the years 1993-1996. Half of them, in the opinion of the author, did not face the risk of bankruptcy, while bankruptcy proceedings were conducted for the other forty. Initially, the analysis involved an establishment of twenty-eight financial ratios calculated based on balances and profit and loss accounts. In the final stage of the research, for a discrimination function, the selection was limited to five indexes, describing the area of liquidity, profitability, debt and efficiency of enterprises (Godlewska 2010; Hołda 2001; Wojnar 2014 ): X_1 -current assets/current liabilities, X_2 -total liabilities x 100/total assets, X_3 -Total receipts/averaged annual (average) total assets, X_4 -net profit (loss) x 100/average total assets and X_5 -average current liabilities x 360/cost of sold products, goods and materials.
The Przemysł NBP model (JAGIEŁŁO) is the latest model of all those selected for this study (Jagiełło 2013) . It was constructed based on the financial results of 80 enterprises in 2008. Among them, 50% were bankrupt, while the other half were entities not threatened with bankruptcy (Firlej et al. 2014 ). In this model, prediction is based on three financial ratios: X_1 -gross sales/operating costs, X_2 -total receipts/total assets and X_3 -equity capital/total liabilities. The model developed by Mączyńska (MĄCZYŃSKA) was constructed in 1994 as a reaction to the need for an adaptation of the Western Altman model to the Polish conditions. In the model proposed by Mączyńska, prediction is based on six financial ratios (Mączyńska and Zawadzki 2006; Wardzińska 2012 ): X_1 -gross profit + depreciation/total liabilities -debt paying ability, X_2 -balance sheet total/total liabilities -total debt ratio, X_3 -gross profit/balance sheet total -profitability of assets, X_4 -Gross profit/income from sales, X_5 -stock/income from sales and X_6 -income from sales/balance sheet total. The concept proposed by Mączyńska (1994) , based on an adaptation of the Jacobs function, proved to be a very good example of the bankruptcy model, characterised by a high prognostic value under the Polish economic conditions.
Another EWS is the Poznań model (POZNAŃSKI) was created based on the financial results of 100 enterprises. Half of them were enterprises in excellent condition, while the other half were bankrupt enterprises. Financial results, which were used by its creators, covered the period from 1999 to 2002 (Firlej et al. 2014 ). In this model, the prediction is made based on four financial ratios: X_1 -net financial results/total assets, X_2 -(current assets -stock)/current liabilities, X_3 -fixed capital/total assets and X_4 -financial results from sales/income from sales.
Prusak (2004) developed two models -one with a forecast for one following year (PRUSAK1) with four financial indexes, and the other (PRUSAK2) with a forecast for two successive years (with three financial indexes) in relation to the period, in which companies were declared bankrupt. In the first formula, the following FRs were used: X_1 -profit operating/balance sheet total, X_2 -operating costs/current liabilities, X_3 -current assets/current liabilities and X_4 -profit operating/income from sales. In the other model, three financial ratios were applied: X_1 -(net results + depreciation)/total liabilities, X_2 -operating costs/mean short-term liabilities and X_3 -profit from sales/balance sheet total.
The model developed by Wierzba (WIERZBA) was created based on the financial results of 48 enterprises, including 24 in good condition and 24 on the verge of bankruptcy (Wierzba 2000) . This model was estimated based on the financial results, which the selected enterprises reported in the years 1995-1998. The author selected 4 from among the set of 12 preselected indexes, which were used to construct a linear discrimination function (Kisielinska and Waszkowski 2010): X_1 -(operating profit -depreciation)/total assets, X_2 -(operating profit -depreciation)/sales products, X_3 -current assets/total liabilities and X_4 -working capital/total assets.
Reduction of explanatory variables
In the next stage of analyses, the number of explanatory variables was reduced. Based on clustering of characteristics, a hierarchic graph was prepared using the aggregation of centres of gravity and Pearson's 1-r distance. Based on this graph, groups of variables were identified. The following 15 FRs were selected for further analyses: Prusak 2_X3, Hołda_X3, Prusak 1_X2, Hadasik_X5, Gajdka i Stos_X2, Hołda_X2, Hadasik_X6, Hadasik_X4, Wierzba_X3, Wierzba_X2, Hołda_X1, Altman_X4, Prusak 1_X1, Hołda_X5 and Prusak 2_X1.
Indexes were selected using the progressing stepwise regression. These indexes were characterised by the greatest predictive properties for the analysed group of enterprises as well as the empirical level of significance [p] lower than 0.10. (Tab. 1). dIscussIon Bankruptcy induces substantial costs to the business community such as court costs, legal assistance costs, lost sales, lost profits, higher costs of credits, inability to issue new securities, and lost investment opportunities (e.g., Bris et al. 2006; Davydenko et al. 2012; Elkamhi et al. 2012 ) -for a detailed review on the costs of bankruptcy, we refer the reader to Branch (2002) . Therefore, the design of reliable models to predict bankruptcy is crucial to audit business risks and assist managers in preventing business failure, and to assist stakeholders in the assessment and selection of companies to collaborate with or invest in (e.g., Ahn et al. 2000; Balcaen and Ooghe 2006) . In recent years, we have been additionally observing an increased number of corporate bankrupt-cies. This problem concerned both manufacturing and trade enterprises (Grzegorzewska 2008; Nehrebecka and Dzik 2012) . In recent years, the importance of timber trade has been increasing. The developing wood industry requires continuous supply of a growing volume of timber in order to satisfy current market demand. It needs to be stressed that the supply of round wood depends not only on economic factors, but also on the volume and structure of forest resources in a given country and the adopted legal regulations (Adamowicz 2010; Adamowicz et al. 2016) . The effect of non-economic factors increases the threat of bankruptcy for timber conversion companies. This provides justification for the decision to undertake this research concerning the development of possibly the most reliable bankruptcy prediction method for wood sector companies.
In the course of this research project presented in this paper, the currently existing corporate bankruptcy models were taken into consideration. Studies concerning applied general economic models in the evaluation of the situation in the wood sector show that their efficiency is insufficient. It needs to be stressed that the proper application of EWSs may be an important element in the decision-making support. At the same time, an inadequate selection of an appropriate forecasting method may contribute to erroneous decisions. This opinion is shared by Dąbrowski and Boratyńska (2011) , who claimed that the results of forecasts provided by different EWSs are inconsistent.
We need to agree with Kocel (2010) that predictions should be as accurate as possible, particularly in view of the potential financial losses incurred in the case of erroneous forecasts. Having the above in mind, it was attempted to develop an innovative single sector bankruptcy prediction model for timber conversion enterprises. It was assumed that the sector model (WIPMB) should exhibit a greater effectiveness of forecasts in comparison to the forecasts provided by the currently known theoretical models. The first step in the construction of such a model is connected with the appropriate selection of FRs. For this reason, the FRs used in 10 most common EWSs applied in Poland were analysed in this study. Forecasts were prepared and the next FRs suitable for the construction of WIPMB were identified.
In view of studies presented by Koyuncugil and Ozgulbas (2012) , who used data from almost 8 thousand small and medium-sized Turkish enterprises, certain objections may be voiced concerning the number of companies used in this study. When identifying FRs best fit for the construction of WIMBP, the financial data from 135 timber conversion enterprises were used, while in the balanced training set, it was 74 companies. However, they were homogeneous data and not -as in the case of studies presented by Koyuncugil and Ozgulbas (2012) -data concerning small and medium sized companies from different sectors of the national economy. Obtained source materials were complete and selected in terms of their organisation structure, including the volume of financial assets of the analysed enterprises. Moreover, it needs to be stressed that studies on EWSs with no indication of a specific sector in many cases were also conducted on a smaller experimental sample (e.g., Jagiełło 2013; Wierzba 2000) .
In this study, a total of 15 indexes were used, exhibiting considerable predictive properties in the wood sector. Next, their number was reduced. The reduction of the number of variables was necessary, since many indexes applied in the analysed multiple sector models are correlated at the significance level close to one. Application of completely redundant variables in one model would result in an incorrect matrix conditions, thus preventing estimation of discrimination function coefficients (Stanisz 2007) . In order to address this problem, clustering of characteristics was conducted using the hierarchical method applying aggregation of centres of gravity and Pearson's 1-r distance measure. In the clustering of characteristics using cluster analysis, Pearson's 1-r value was used as a measure of distance. Initially, it was attempted to specify appropriate indexes using linear regression. It was a preliminary analysis, which is typically conducted before the transition to the modelling stage in order to predetermine which variables have a predictive value. In this study, we conducted simple tests for two-dimensional relationships, that is, index-financial situation. As a result of these analyses, we stated that 7 indexes have predictive value. A drawback of this approach is the fact that the analyses conducted in this study did not take into consideration the mutual correlation of indexes. For this reason, eventually, it was decided not to use this approach and apply discriminatory analysis. Similarly, as other multivariate techniques, discriminatory analysis, next to the relationship of indexes with a dependent variable, also considers mutual correlations of indexes. Generally, the stronger the indexes are correlated with one another, the more the results of simple tests will differ from those multivariate tests. Among the 15 FRs analysed in this study, we also investigated such pairs of indexes, which were greatly correlated with one another (e.g., 0.87). Thus, modelling provided us with models having structures that differed considerably from what could be expected based on the results of simple analyses. Therefore, among the 15 FRs, only 5 were selected, which in the opinion of the authors are suitable for the construction of WIPMB.
At present, studies are being continued on the construction WIPMB. In further stages of the research, the importance of individual indexes needs to be specified. This will be provided using canonical analysis. As a result, a new EWS will be constructed based on the FRs most accurately characterising the wood sector.
We must agree with the opinion of Balcaen and Ooghe (2006) that failure prediction models based on financial ratios implicitly assume that all relevant failure or success indicators -both internal and external -are reflected in the annual accounts. However, it is clear that not all relevant information is reflected in the annual accounts. In this context, Argenti (1976) stated that 'while these [financial] ratios may show that there is something wrong … I doubt whether one would dare to predict collapse or failure on the evidence of these ratios alone ' (p. 138) . In addition, Zavgren (1985) pointed out that 'any econometric model containing only financial statement information will not predict with certainty the failure or nonfailure of a company ' (p. 22-23) . Furthermore, Maltz et al. (2003) mentioned that the use of financial measures as sole indicators of organisational performance is limited. For this reason, some authors have advised including non-accounting or qualitative failure indicators in failure prediction models (Becchetti and Sierra 2003; Daubie and Meskens 2002; Doumpos and Zopoudinis 1999; Keasey and Watson 1987; Lehmann 2003; Lussier 1995; Lussier and Corman 1994; Ohlson 1980; Sheppard 1994; Slowinski and Zopudinis 1995) .
In the literature on the subject, in addition to financial ratios (FRs), corporate governance indicators (CGIs) have been found to be another important type of input variable. However, this will not change the fact that the first step in the construction of EWS is to develop an empirical formula making it possible to preliminarily adopt future scenarios. In general, the input variables (or features) such as financial ratios and prediction techniques (e.g., statistical and machine learning techniques) are the two most important factors affecting the prediction performance. The next step will be to search for non-financial factors affecting efficiency of forecasts. This may be evidenced by the results of studies presented by (Liang et al. 2016) , who stated that the most important features for effective bankruptcy prediction include the FR categories of solvency and profitability and the CGI categories of board structure and ownership structure.
conclusIon
Based on the conducted investigations, a total of 15 FRs were selected constituting the explanatory variables best fitting EWSs for wood sector companies. These included PRUSAK 2_X3, HOŁDA_X3, PRUSAK 1_X2, HADASIK_X5, GAJDKA I STOS_X2, HOŁDA_X2, HADASIK_X6, HADASIK_X4, WIERZBA_X3, WIERZBA_X2, HOŁDA_X1, ALTMAN_X4, PRU-SAK 1_X1, HOŁDA_X5 and PRUSAK 2_X1.
Among these 15 FRs, using the progressing stepwise regression method, indexes were selected that exhibited the empirical significance level [p] lower than 0.10. Thus, it was stated that the most suitable FRs for the construction of a single sector EWS dedicated for the wood industry are FRs: PRUSAK2_X3, HOŁDA_X3, ALTMAN_X4, WIERZBA_X2 and PRUSAK1_X2.
Presented studies are a preliminary step for the construction of WIPMB. Identification of FRs will facilitate the construction of a new sector EWS model. At present, further investigations are being conducted in this respect. The next step will consist of the evaluation of the discriminatory power of the estimated function. For this purpose, it is necessary to perform canonical analysis and develop the so-called rough coefficients of the discriminatory function. Based on these coefficients, the equation for the WIPMB discriminatory function will be formulated.
